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pattern that extended to the sacro-iliac joint in nine 
(60%) patients, the hip joint in fi ve (33%), the superior 
pubic rami in four (27%), the sacrum in three (20%), and 
the ischium in one (6%); second, a count loss subtype 
which extended to the hip joints in nine (60%) patients. 
Corresponding values after iterative reconstruction were 
two (13%) for the sacro-iliac joint, three (20%) for the 
hip joint, one (6%) for the superior pubic ramus, and one 
(6%) for the sacrum. In fi ve (33%) patients, residual 
count loss artifacts were still identifi able after iterative 
reconstruction. However in group II, no such effects 
were observed because the bladder activity reached near 
background level in 14 (93%) of 15 patients after three 
successive voids with a 3.5-fold decrease in the mean 
value of total bladder count in comparison with group I 
patients. A statistically signifi cant difference was found 
between artifact- and non-artifact-harboring ROIs in 
group I whichever the method used for reconstruction, 
whereas the values of right and left hemi-pelvis ROIs/
sacrum in group II were almost identical.
Conclusions Forced diuresis coupled with parenteral 
hydration facilitates the acquisition of an artifact-free 
pelvic SPECT. Especially for clinical questions that 
focus on femoral heads and pubic bones, applying the 
aforementioned protocol may improve the diagnostic 
accuracy of pelvic bone SPECT.
Keywords Bladder artifacts · Forced diuresis · Pelvic 
bone SPECT
Introduction
Bladder-fi lling reconstruction artifacts represent an 
obvious limitation of pelvic single photon emission com-
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Abstract
Objective Bladder-fi lling reconstruction artifacts have a 
detrimental effect on the image quality of pelvic bone 
single photon emission computed tomography (SPECT). 
Using a simple protocol consisting of forced diuresis 
coupled with intravenous (IV) hydration, this study was 
undertaken to obtain an artifact-free pelvic SPECT after 
discarding the residual urinary activity.
Methods Thirty patients were enrolled. In group I, pelvic 
SPECT was performed directly after normal void, 
whereas in group II, SPECT was preceded by IV injec-
tion of 0.5 mg/kg furosemide (maximum 40 mg) coupled 
with IV infusion of 500 cc of physiologic saline. Bladder-
fi lling reconstruction artifacts were analyzed in group I 
patients, who had their images reconstructed using both 
fi ltered backprojection and iterative algorithms, both 
qualitatively and quantitatively by means of regions of 
interest (ROIs) drawn around the artifact-bearing bone 
areas as well as the corresponding contralateral sites. 
For group II patients, besides visual analysis, ROIs were 
placed over the sites corresponding to those of the group 
I patients. In every patient, total counts of each ROI 
were normalized to a reference ROI placed over the 
sacrum, and a ratio was created.
Results Using fi ltered backprojection, two forms of arti-
facts were identifi ed in group I patients: fi rst, a streak 
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puted tomography (SPECT). These artifacts may negate 
the diagnostic accuracy of bone SPECT in identifying 
many pathologic processes that originate from the pelvic 
girdle. Besides the well-recognized streak artifacts that 
may mimic or mask pathologic hot spots, count loss 
artifacts, which appear as photopenic zones in structures 
within the same transverse plane of a fi lled bladder, can 
resemble or obscure the diagnosis of femoral head avas-
cular necrosis [1]. Furthermore, both pubic bones and 
the superior pubic rami can be simply rendered uninter-
pretable by virtue of a full bladder. Encouraging patients 
to void before undergoing pelvic SPECT does not guar-
antee an artifact-free examination because the bladder 
refi lls throughout the acquisition period [1, 2].
Continuous efforts, with variable rates of success, 
have been devoted to overcome these limitations inher-
ent to pelvic bone SPECT [3–6]. However, to date, these 
attempts have invariably proposed software-derived 
techniques that besides their relative complexity and 
limited availability, were not always satisfactory. On the 
basis of this background, an effi cient and practical solu-
tion that radically tackles artifact creation in pelvic 
SPECT would be of great benefi t.
Using a simple protocol consisting of forced diuresis 
coupled with intravenous (IV) hydration, this study was 
undertaken to obtain an artifact-free pelvic SPECT after 
discarding the residual urinary activity. For this purpose, 
we have prospectively examined a cohort of patients 
who were referred to our institution with various clinical 
problems primarily related to the bony pelvis.
Materials and methods
Thirty patients divided equally into two groups (16 men, 
14 women; age range 18–83 years; mean age 59 years) 
were enrolled in the present study. Because our main 
objective was to validate a new protocol to overcome the 
problem of bladder-fi lling reconstruction artifacts, we 
retrospectively selected 15 patients (group I) in whom 
pelvic SPECT was done without any pretest patient 
preparation to serve as an artifact model. In this patient 
cohort, a full bladder in the tomography raw data was 
considered to be the primary selection criteria that can 
resemble the worst scenario of artifact creation after 
image reconstruction.
On the other hand, another 15 consecutive patients 
(group II) presenting with pain or discomfort in the 
pelvic girdle were subjected to IV injection of 0.5 mg/kg 
furosemide (maximum 40 mg) coupled with parenteral 
infusion of 500 cc of physiologic saline over 25–30 min 
before their scheduled pelvic SPECT [7]. During this 
phase, patients were also encouraged to drink two cups 
(400 cc) of water besides their continuous parenteral 
saline infusion. Furthermore, arterial blood pressure 
was monitored in each patient every 10 min, and the last 
value was reported just before starting the SPECT acqui-
sition. Patients with known cardiac decompensation, 
renal insuffi ciency, or obstructive uropathy were excluded 
from the present study.
Each patient was injected with 600 MBq of 99mtechne-
tium-dicarboxypropane diphosphonate (99mTc-DPD) 
intravenously, and then tomographic data acquisition 
was started 4 h after injection using a three-headed Triad 
XLT gamma camera (Trionix, Twinsburg, OH, USA) 
equipped with low-energy all-purpose collimators. In 
our department, patients are always asked to empty their 
bladder before undergoing the acquisition. Data were 
collected using a circular orbit with 60 angles over 360° 
and an acquisition period of 30 s per angle. The patients 
were scanned in the supine position, and the starting 
position corresponded to a posterior view. A 128 × 128 
matrix was used for data storage, and reconstruction 
was performed using fi ltered backprojection with a 
Butterworth fi lter and cutoff of 0.5 cycle/pixel. For 
group I patients, iterative reconstruction (ordered subsets 
expectation maximization with two iterations and 10 
subsets) was also performed to evaluate the additional 
value of this algorithm in suppressing the bladder-fi lling 
reconstruction artifacts. No scatter or attenuation cor-
rection was performed.
After image reconstruction, streak artifacts were ana-
lyzed in group I subjects, who had their images recon-
structed using both fi ltered backprojection and iterative 
algorithms, both qualitatively (for location and extent) 
by two nuclear medicine physicians in consensus and 
quantitatively by means of regions of interest (ROIs) 
placed over the artifact-bearing bone regions as well as 
around the corresponding contralateral sites, provided 
they were artifact free (Fig. 1a, b). Count loss artifacts, 
however, were analyzed only qualitatively because such 
artifacts have a bilateral and symmetric pattern in most 
instances. For each patient in group II, besides visual 
analysis of any potential streak or count loss artifacts, 
ROIs were drawn over sites corresponding to those of 
one different patient of group I (Fig. 1c). This approach 
was chosen to standardize the process of ROIs place-
ment between the two different patient groups. Areas 
with pathologic hot spots were not considered for 
analysis.
In every patient, total counts of each ROI were nor-
malized to that of a reference ROI drawn over the lower 
part of the fi rst and upper part of the second-sacral 
vertebra, and a ratio was created. This reference region 
was chosen because it is theoretically remote from any 
bladder-fi lling reconstruction artifacts and is hardly 
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affected by degenerative joint diseases owing to its rela-
tive immobility. In both patient groups, a paired t test 
was performed to compare the ratios of each couple of 
ROIs with the sacrum. A P-value of less than 0.05 was 
considered to be signifi cant.
Results
In the studied patient population, forced diuresis coupled 
with parenteral hydration was proved to be safe, easy to 
apply, and tolerable. No patient developed any untow-
ard effect in the form of hypotension, allergic reaction, 
or fl uid overload. In group I (n = 15), bladder-fi lling 
reconstruction streak artifacts, which had a random and 
unpredictable nature, extended to the lower part of the 
sacro-iliac joint in nine (60%) patients, hip joint in fi ve 
(33%), superior pubic ramus in four (27%), caudal part 
of the sacrum in three (20%), and ischium in one (6%). 
Corresponding values after iterative reconstruction were 
two (13%) for the sacro-iliac joint, three (20%) for the 
hip joint, one (6%) for the superior pubic ramus, and one 
(6%) for the caudal part of the sacrum. Additionally, 
count loss artifacts, which invariably extended to the hip 
joints on either side, were observed in nine (60%) patients 
after fi ltered backprojection and in fi ve (33%) after itera-
tive reconstruction. This form of artifact provoked bilat-
eral photon defi cient zones that precluded confi dent 
interpretation of the anatomic structures located along 
its path (Fig. 1a). In eight (53%) patients, both pubic 
bones and the superior pubic rami were uninterpretable 
because they were masked by activity from the distended 
bladder despite the applied algorithms for image 
reconstruction.
In group II (n = 15), no such effects were observed 
because the bladder activity was reduced to a near back-
ground level after three successive voids in 14 (93%) of 
15 patients (Fig. 1c). Interestingly, a 3.5-fold reduction 
in the mean value of the total bladder count in group II 
patients has been observed in comparison with group I 
(mean value of total bladder count 128 600 vs. 426 066, 
P < 0.001). One patient who voided only twice before 
SPECT acquisition revealed some residual urinary activ-
ity that did not interfere with the diagnosis of a fi ssure 
fracture of the femoral neck or masked his pubic bones 
(Fig 2). In that patient, no signifi cant artifacts could be 
recognized. In the remaining 14 patients, 2 were diag-
nosed with fractures of the femur neck with (n = 1) or 
without (n = 1) avascular necrosis of the femoral head. 
Three patients were identifi ed with fractures of the 
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Fig. 1 Transaxial single 
photon emission computed 
tomography (SPECT) of the 
pelvis displays characteristic 
streak and count loss artifacts 
caused by a full bladder after 
fi ltered backprojection (a), 
and substantial amelioration 
after iterative reconstruction 
(b). Transaxial SPECT of the 
pelvis in another patient who 
was subjected to furosemide 
challenge shows excellent 
image quality (c). 
Comparative plots of artifact-
bearing regions of interest 
(ROIs)/sacrum versus that of 
artifact-free ROIs/sacrum 
in group I using fi ltered 
backprojection (d), iterative 
reconstruction (e), and 
corresponding ROIs/sacrum-
derived values in group II (f)
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sacrum (n = 2) and the superior pubic ramus (n = 1). Two 
patients displayed degenerative changes in the lumbosa-
cral junction. In seven patients, no signifi cant osseous 
pathology could be identifi ed in the pelvic girdle.
For each patient group, a total of 34 couples of ROIs 
were available. Using fi ltered backprojection, statistical 
analysis revealed a signifi cant difference between 
artifact- and non-artifact-harboring ROIs in group I. 
The mean ratios of artifact-bearing ROIs/sacrum versus 
that of artifact-free ROIs/sacrum were 0.92 ± 0.46 and 
0.55 ± 0.25 (P < 0.001), respectively (Fig. 1d). When 
iterative reconstruction was considered, statistical analy-
sis revealed a signifi cant difference between artifact- and 
non-artifact-harboring ROIs (P < 0.001) with mean 
ratios of artifact-bearing ROIs/sacrum versus that of 
artifact-free ROIs/sacrum of 0.70 ± 0.31 and 0.56 ± 0.25, 
respectively (Fig. 1e). On the other hand, the values of 
right and left hemi-pelvis ROIs/sacrum in group II were 
almost identical, showing mean values of 0.64 ± 0.21 and 
0.63 ± 0.20 (P = 0.14), respectively (Fig. 1f ).
Interestingly, 14 (93%) of 15 patients of the furose-
mide challenge group tolerated 30 min of SPECT imaging 
without an urgent need to void. Noteworthy, however, 
is that a young 21-year-old male patient was allowed to 
empty his bladder, in a urine container, 10 min before 
study termination. In that patient, no motion artifacts 
were identifi ed on reviewing his fi nal SPECT images.
Discussion
The problem of bladder-fi lling reconstruction artifacts, 
which may render approximately 20% of scans uninter-
pretable, has been addressed in many reports [3–6]. 
However, to date, there is no best solution that guaran-
tees artifact-free pelvic SPECT. For instance, digital fi l-
tering of the bladder was attempted by Gillen et al. [3]. 
In this approach, the counts in the area occupied by the 
fi lled bladder were replaced by data that represent activ-
ity in the surrounding extra-vesical regions [3]. Although 
a marked improvement in image quality in the range of 
78%–85% was reported, postprocessing image deteriora-
tion was observed in 1 (8%) of 13 patients. In another 
more successful trial, Bunker et al. [4] reported on an 
image-reprocessing algorithm that reduced the technical 
inadequacy from 19% to 2% for the SPECT evaluation 
of 100 hips with suspected osteonecrosis or occult frac-
ture. In this investigation, the highest pixel value associ-
ated with the osseous or periosseous areas of clinical 
interest was fi rst defi ned in the raw data. In a second 
step, any pixel value “essentially in the bladder region” 
that contains counts greater than the highest value of 
interest was truncated using a special equation. However, 
it was further emphasized that the pixel-truncation 
technique leads to some distortion of the hips and can 
interfere with the accuracy of quantitative measure-
ments because it underestimates the hip activities by 
20%–30% [5].
Recently, Wells et al. [6] investigated dynamic SPECT 
(dSPECT) in 20 patients who presented with or without 
pain/discomfort in the hips. As the name implies, 
dSPECT is capable of estimating the kinetic parameters 
from studies performed using a single rotation acquisi-
tion of a standard SPECT camera. This technique imple-
ments the temporal information already present in the 
SPECT projection data in the reconstruction process. In 
other words, a series of images is reconstructed where 
each one corresponds to the activity distribution at the 
time when the projection is acquired. Consequently, the 
inconsistencies in the projection data, as the bladder 
activity changes throughout the acquisition time, and its 
sequels of artifact creation are both averted. Aside from 
the fact that dSPECT was proved to be very effective at 
removing bladder artifacts, however, this algorithm, that 
mandates the incorporation of either rotating source or 
computed tomography (CT)-based attenuation correc-
tion [8, 9], was shown to increase the acquisition time by 
25% and did not allow confi dent interpretation of the 
symphysis pubis or the medial portion of both pubic 
rami [6]. Furthermore, unless a triple- or dual-head (with 
heads at 90°) camera is used, substantial streak artifacts 
could still be produced had dSPECT been obtained 
from single- or dual-head (with heads at 180°) systems 
[8, 10].
In the present study, we introduced a simple, effi cient, 
and well-tolerated method to radically discard the 
bladder-fi lling reconstruction artifacts from bone SPECT 
of the pelvis. In 14 (93%) of 15 patients who were sub-
jected to forced diuresis, we observed that a dosage of 
0.5 mg/kg furosemide (maximum 40 mg) coupled with 
* * **
Fig. 2 Transaxial SPECT of the pelvis in a 48-year-old male 
patient shows residual urinary activity (asterisks) after his bladder 
had been emptied twice. This residual bladder activity, however, 
neither cause considerable reconstruction artifacts nor interfere 
with the diagnosis of a fi ssure fracture in the left femoral neck 
(arrows)
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parenteral infusion of 500 cc of physiologic saline over 
25–30 min was quite successful in eliminating residual 
radioactivity from the urinary bladder. At least three suc-
cessive voids were considered mandatory to reduce the 
urinary activity to a near background level without the 
need for a catheter to evacuate/irrigate the bladder (Fig. 
1c). This was directly translated to an absolute suppres-
sion of both the reconstruction streak and count loss 
artifacts from the fi nal SPECT images along with a 
potential reduction in the radiation exposure of pelvic 
organs in comparison with the other patient group 
(n = 15) that was not subjected to furosemide challenge.
Furthermore, statistical analysis of ROIs from both 
patient groups confi rmed the results obtained from the 
visual interpretation where a statistically signifi cant dif-
ference was found between artifact- and non-artifact-
harboring ROIs in group I regardless of the method used 
for reconstruction (Fig. 1d, e), whereas the values of 
right and left hemi-pelvis ROIs/sacrum in group II were 
almost identical (Fig. 1f). This may imply that the appli-
cation of our protocol can guarantee an accurate quan-
titative analysis of SPECT studies that concern the bony 
pelvis.
Besides the unambiguous amelioration in the overall 
performance of postdiuretic pelvic bone SPECT espe-
cially in the detection of femoral head avascular necrosis 
(Fig. 3), these encouraging results may permit us to expect 
a similar rate of success at the level of F-18 fl uoro-deoxy-
D-glucose positron emission tomography (18F-FDG PET) 
and 18F-choline PET where an obvious contrast handicap 
in the lower urinary tract is still challenging even in the 
face of the marked improvement provided by PET/CT 
[11, 12]. In a recent publication, our group showed very 
promising results in this regard [7]. Likewise, with the 
increasing involvement of 18F-fl uoride PET (18F-PET) in 
the assessment of variable osseous pathologies [13, 14], 
applying the aforementioned protocol may also allow 
artifact-free 18F-PET of the pelvis. This can be achieved 
without the need to insert a bladder catheter, which 
besides its impracticability and potential complications, 
tends to increase the radiation exposure to the SPECT/
PET personnel [15, 16].
When iterative reconstruction was applied [17], a dra-
matic reduction in artifact creation has been observed 
on qualitative analysis (Fig. 1b). Noteworthy, however, 
is that both pubic bones and the superior pubic rami 
were masked by the residual bladder activity in 8 (53%) 
patients of group I regardless of the method used for 
reconstruction. This negative effect could be totally 
averted using our protocol (Fig. 4). Accordingly, the 
diagnosis of many traumatic, infl ammatory and neo-
plastic disorders that originate from these osseous 
structures can be confi dently made without the need to 
perform any delayed imaging that can be cumbersome 
especially for patients who are referred from remote 
areas.
Conclusions
In patients with adequate renal functions and preserved 
physiologic voiding, forced diuresis coupled with paren-
teral hydration facilitates the acquisition of artifacts-free 
pelvic SPECT. This holds true for both the streak and 
count loss subtypes. Three successive voids must be per-
formed before bringing the residual urinary activity to a 
near background level without the need for a catheter to 
evacuate/irrigate the bladder. The application of itera-
tive reconstruction has the potential to dramatically 
reduce, but cannot totally suppress, the bladder-fi lling 
reconstruction artifacts. Furthermore, it does not guar-
antee the confi dent interpretation of both pubic bones 
and the superior pubic rami. Taken together, our practi-
cal approach may have a major positive impact on the 
overall diagnostic accuracy of bone SPECT studies of 
the pelvis.
b ca
*
*
Fig. 3 Transaxial (a), and coronal (b) SPECT of the pelvis in a 
61-year-old male patient, who presented with bilateral hip pain, 
reveal frank photopenia in the femoral head on either side (arrows) 
consistent with avascular necrosis that was confi rmed by coronal 
T1-weighted magnetic resonance imaging (c). The residual bladder 
activity (asterisks) after furosemide challenge is comparable with 
that of the background
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Fig. 4 Coronal (a), and transaxial (b) SPECT of the pelvis in a 
57-year-old female patient after a traffi c accident display a hot spot 
in the right superior pubic ramus (arrows) suggesting a frac-
ture that was confi rmed by CT (c). The residual bladder activity 
(asterisk) after furosemide challenge is very close to that of 
the background 
